Mantle cell lymphoma (MCL) is a moderately aggressive B-cell lymphoma that responds poorly to currently used therapeutic protocols. In order to identify tumour characteristics that improve the understanding of biology of MCL, analysis of oligonucleotide microarrays were used to define specific gene expression profiles. Biopsy samples of MCL cases were compared to reactive lymphoid tissue. Among genes differentially expressed in MCL were genes that are involved in the regulation of proliferation, cell signalling, adhesion and homing. Furthermore, some genes with previously unknown function, such as C11orf32, C2orf10, TBC1D9 and ABCA6 were found to be differentially expressed in MCL compared to reactive lymphoid tissue. Of special interest was the high expression of the cannabinoid receptor 1 (CB1) gene in all MCL cases analysed. These results were further confirmed at the cellular and protein level by immunocytochemical staining and immunoblotting of MCL cells. Furthermore, there was a reduced expression of a regulator of G protein signalling, RGS13 in all MCLs, with a complete absence in the majority of cases while present in control lymphoid tissue. These results were further confirmed by PCR. Sequencing of the RGS13 gene revealed changes suggesting polymorphisms, indicating that downregulation of the expression of RGS13 is not related to mutations, but may serve as a new specific marker for MCL. Moreover, comparison between individual cases of MCL, revealed that the CCND1 gene appears to be differently expressed in MCL cases with high vs low proliferative activity.
Introduction
Mantle cell lymphoma (MCL) is characterised by centrocytic morphology and expression of the B-cell markers CD19, CD20, CD79a together with the pan-T-cell marker CD5. These lymphomas lack the expression of CD10 and CD23. The majority of MCL has rearranged, but unmutated immunoglobulin genes, suggesting that the tumour originates from mature B cells that have not yet encountered antigen. 1 The current hypothesis is that the tumour cells are derived from the mantle zone of the B-cell follicles.
The incidence of MCL has been estimated to be 5% of all nonHodgkin's lymphomas. 2 In many instances, advanced stage with bone marrow involvement is present already at the time of diagnosis and the median survival time is only 3-4 years. 2 However, the disease is heterogeneous and some cases have an indolent course.
The typical growth pattern of MCL is a nodular tumour proliferation with residual small germinal centres. However, many MCLs have an entirely diffuse growth pattern. The socalled blastoid MCL variant is characterised by larger, blastoid tumour cells and a high proliferative activity. The most characteristic feature of all MCL variants is the overexpression of the Cyclin D1/CCND1 (BCL1, PRAD1) gene 3 due to its translocation to the IgH locus, t(11;14)(q13;q32). 4 This results in an upregulation of Cyclin D1 nuclear protein that is detectable by immunohistochemistry. Cyclin D1 regulates the transition from the G1 to the S phase of the cell cycle by binding to CDK4, which results in the phosphorylation of the Rb1 protein and release of the E2F family of transcription factors. Although overexpression of CCND1 probably is an important event in MCL, it is not sufficient for malignant transformation. 5 It is therefore important to identify additional tumour abnormalities that would improve our understanding of the pathogenesis and factors involved in disease progression in MCL.
Transcription profiling using microarray analysis is a recently defined method that has been successfully used for subclassifying high-grade malignant lymphoma [6] [7] [8] [9] and to define apoptotic pathways, 10 and alterations in genes regulating differentiation and trafficking 11 in MCL. In a recent study, MCL gene expression profiles were associated to patient survival. 12 To further define the changes in gene expression and the biology of the disease, we have performed oligonucleotide microarray analysis and compared the genes expressed in MCL to those in reactive lymphoid tissue. The results from the microarray analysis were validated by comparison to results obtained by flow cytometry and immunohistochemistry. The expression analysis revealed that a number of genes involved in G protein signalling were differentially expressed in MCL compared to reactive lymphoid tissue, and these results were confirmed by RT-PCR and immunocytochemistry. Further insights into the molecular pathogenesis of the disease could provide prognostic information or suggest targets for new treatment modalities.
Materials and methods

Clinical data and tumour characteristics Patients
Lymph node biopsies from nine patients with MCL were investigated ( Table 1 ). The biopsies were part of enlarged lymph nodes removed for diagnostic purposes and were snap-frozen upon arrival to the Department of Pathology and subsequently stored at À701C. All morphologic diagnoses were confirmed by flow cytometry and by immunohistochemical staining for Cyclin D1. In most cases, t(11;14) translocation was confirmed by fluorescent in situ hybridisation (FISH) analysis.
The age of the patients ranged from 52-79 years at diagnosis (Table 1) . In all cases except one (MCL A), the tumour material represented the original diagnostic biopsy, before the patient had received any treatment for the disease. The patient MCL A was initially treated at another centre and the material investigated here represented tumour material from the first relapse.
Controls
Control tissue were from nonmalignant hyperplastic tonsil tissue (control 1), tonsil cells (control 2) or lymph nodes (controls 3-5). The age of the control patients ranged from 9 to 64 years of age.
This study was approved by the Ethics Committee at Karolinska Institutet (Etikkommitté Syd).
Cell lines
The Ramos cell line, a mature B-cell line from a Burkitt lymphoma, and the Nalm 6 human B-cell precursor leukaemia cell line were cultured in RPMI 1640 with 10% FCS and 0.5 mg/ml of gentamicin.
Two MCL cell lines were used, the Granta 519 13 and the Rec-1.
14 The Granta 519 is an EBV-transformed MCL cell line. It was obtained from DSMZ -Deutsche Sammlung von Mikroorganismen und Zellkulturen and cultured in Dulbecco's MEM (4.5% glucose) with 10% NBCS and 2 mM L-glutamine. The Rec-1 cell line was kindly donated by Dr Christian Bastard, Rouen, France and cultured in RPMI 1640 with 10% NBCS and 2 mM Lglutamine. In both MCL cell lines, the translocation t(11;14) was confirmed by FISH analysis and upregulation of Cyclin D1 protein by immunocytochemistry.
The SK-MM-2 is a human plasma cell leukaemia cell line, which was obtained from DSMZ -Deutsche Sammlung von Mikroorganismen und Zellkulturen was cultured in RPMI 1640 with Glutamax I and 25 mM HEPES with 10% FBS and 0.1 mg/ml gentamicin. It carries a t(11;14) translocation and overexpresses Cyclin D1.
The AtT20 cell line transfected with cDNA for the CB1 receptor 15 was kindly provided by Dr Ken Mackie (Department of Anaesthesiology, University of Washington, Seattle, WA, USA) and cultured in Dulbecco's MEM with 10% NBCS. Selection was carried out with 400 mg G418. These cells are adherent and trypsination was used to bring the cells into suspension to allow cytospin preparation.
Immunohistochemistry
Immunohistochemical stainings were performed on formalinfixed paraffin-embedded sections by routine procedures. All stainings were semiautomated and performed on a TechMate 500 plus (DAKO, Glostrup, Denmark) by using the DAKO ChemMate Detection Kit, Peroxidase/DAB, Rabbit/Mouse polylinker as recommended by the manufacturer.
Primary monoclonal antibodies were as follows: mouse monoclonal antibodies to BCL-6 (clone PG-B6p), to Ki-67 antigen (clone MIB-1), to p53 (clone DO-7), to BCL2 oncoprotein were all obtained from DAKO. For Cyclin D1 staining, we used clone D2D11F11 from Novocastra (Newcastle upon Tyne, UK). Monoclonal antibody to CD5 (clone 4C7) was from Novocastra. Polyclonal rabbit antibodies to CD3, kappa light chain and lambda light chain were all obtained from DAKO. Pretreatment protocols for antigen demasking were EDTA buffer pH 8.0 at 601C overnight for Cyclin D1 and BCL-6 and for all other antigens, microwave treatment in citrate buffer pH 6.0 for 3+15 min was used.
Immunofluorescent staining for CB1
Cells on cytospin preparations or imprints from lymph nodes were fixed in 3.7% formaldehyde (Sigma, St Louis, MA, USA) during 4 min, rinsed Â 3 in PBS and incubated for 30 min in PBS containing 0.1% Triton X-100 (Sigma) and 0.1% BSA (Sigma). Rabbit polyclonal antiserum to CB1 was kindly provided by Dr Ken Mackie and diluted 1:400 in PBS-Tween-BSA before being added to the cell preparation for 1 h at room temperature in a moist chamber. Thereafter, cells were rinsed Â 3 in PBS and incubated with Cy3-conjugated donkey-anti-rabbit antiserum (Jackson ImmunoResearch, West Grove, PA, USA) diluted 1:250 in PBS-Tween-BSA. DAPI (4 0 ,6-diamidino-2-phenylindole, Sigma) was used to stain cell nuclei.
Immunoblot analysis
Total cell lysates from Granta 519 and SK-MM-2 cells were prepared using ice-cold lysis buffer (20 mM HEPES, 5 mM EDTA, 150 mM NaCl, 1 mM phenylmethylsulphonylfluoride, 5 mM NaF, 0.2 mM Na 3 VO 3 , 1% Triton-XÀ100). Lysates were clarified by centrifugation at 14 000 rpm for 10 min at 41C. A measure of 15 ml of total cell lysate was size fractionated by SDS-PAGE gel. Following electrophoresis, proteins were transferred onto PVDF membranes (Millipore, Bedford, MA, USA). The membranes were incubated with polyclonal antiCannabinoid 1 antibody, CB1 (Chemicon, Hampshire, UK) 1:1000 dilution. The specific protein was detected with ECL.
Flow cytometry
Three-or four-colour flow cytometry was performed on freshly prepared cells according to standard procedures. Directly 
Fluorescent in situ hybridisation
Interphase FISH was performed on imprint material from lymph node biopsies by using the Vysis LSI IGH/CCND1 dual fusion probe (Vysis, Richmond, UK) essentially according to the recommendations from the manufacturer. In short, after fixation in methanol, pretreatment with 1% pepsin in 0.01 M HCl and postfixation in 1% formaldehyde, the samples were dehydrated by serial incubation with ethanol and air-dried. The hybridisation was performed by adding the probe diluted in hybridisation buffer (Vysis) and incubation at 801C for 5 min followed by incubation at room temperature overnight. After stringency washes in 2 Â SSC, and 0.4 X SSC, the samples were mounted in antifading mounting medium containing DAPI (Vector Laboratories, Peterborough, UK) and the slides were examined in a Nikon Microphot-FXA microscope equipped with an FITC/ TRITC v2 filter with a scan range of 470-670 nm (Chroma Technology Corp., Brattelboro, VT, USA).
RNA isolation and oligonucleotide array hybridisation
Total RNA was prepared using TRIzol method as directed by the supplier. Test arrays were performed with all samples prior to using the U95Av.2 arrays containing more than 12 500 genes. The target synthesis and hybridisations were performed using Affymetrix GeneChipt high-density oligonucleotide human arrays according to standard Affymetrix protocols at the core facility at Department of Biosciences, Karolinska Institutet, Novum, Huddinge, Sweden. Each MCL was compared to all the controls. The only exception was MCL A and control 2 that were only compared between themselves as 8 mg of RNA was used in them, while in the rest, 5 mg of total RNA was used as starting material. Comparative analyses were performed on the expression data using Affymetrix Datamining Tool (DMT) version 3.0. A cutoff of 1.5 signal log ratio was used.
Data analysis
The data were analysed using Affymetrix Microarray Suite version 5.0, MicroDB 3.0 and DMT 3.0 as well as a beta test version of Geneweaver, Affibody/Inforsense.
For hierarchical clustering, genes that showed three-fold or more differential expression between normal and MCL in at least five of the nine MCL samples were first selected. Then a hierarchical clustering program; Geneweaver, was used to cluster these differentially expressed genes.
cDNA synthesis and RT-PCR
To confirm the downregulation of RGS13 determined by microarray analyses, RT-PCR was performed. A total of 4 mg of total RNA from tonsil, lymph nodes and MCLs was used for cDNA synthesis using First-strand cDNA synthesis kit (Amersham Biosciences AB, Uppsala, Sweden) according to the manufacturer's protocol. The following primers were used, forward: 5 0 -CAGAGTGCCATCTAAGGTA-3 0 and reverse: 5 0 -CAAGATCACGATGAGTTCAC-3 0 . 2 ml cDNA was amplified in a volume of 20 ml containing 0.5 mM of each primer, 100 mM of each dNTP, 15 mM Tris-HCl (pH 8.0), 50 mM KCl, 1.5 mM MgCl 2 and 1 U Taq Gold Polymerase (Applied Biosystems, Stockholm, Sweden). The initial denaturation was for 6 min at 941C. Amplification was for 40 cycles with denaturation at 941C for 1 min, annealing at 521C for 1 min, and extension at 721C for 1 min and 30 s and the resulting PCR product was 1465 bp. As an assessment of cDNA quantity, b-actin cDNA was amplified as described. 16 
Sequence analysis
To find out whether RGS13 was mutated in MCLs, we performed sequencing of genomic DNA from MCLs, A, B, D, G, H and I. DNA was extracted by using the QIAamp DNA Minikit (Qiagen, Crawley, West Sussex, UK) according to the instructions from the manufacturer. The template for sequencing was prepared by using primers for each exon in the RGS13 gene ( Table 2) . As exon 7 is 923 bp, that exon was divided into two parts. The PCR conditions for all exons were as follows. A total of 50 ng DNA was amplified in a volume of 20 ml containing 0.5 mM of each primer, 100 mM of each dNTP, 15 mM Tris-HCl (pH 8.0), 50 mM KCl, 1.5 mM MgCl 2 and 0.5 U Taq Gold Polymerase (Applied Biosystems). Initial denaturing was for 6 min at 941C. Amplification was for 35 cycles with denaturation at 941C for 30 s, annealing at 551C for 30 s, and extension at 721C for 30 s. The PCR products were purified by using Jetquick PCR Purification Spin kit (Genomed GmbH, bad Oeynhausen, Germany) according to the manufacturer's protocol. Direct sequencing was performed by using Amersham's Thermo Sequenase II dye terminator cycle sequencing kit (Amersham Pharmacia Biotech) according to the manufacturer's instructions. Table 2 PCR primers used for sequencing of RGS13 Exon Forward primer Reverse primer PCR fragment (bp)
The forward primer used for exon 1 and the reverse primer used for exon 7:2 are the same for RT-PCR and sequencing.
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Results
Characterisation of the material and validation of the expression data
In order to characterise the tumour population and to be able to estimate the proportion of clonal tumour B cells as well as nonmalignant B and T cells in the tumour samples and controls, flow cytometry was performed on cells suspended from fresh biopsies. The frequency of clonal B cells in the tumour biopsies is shown in Table 1 . The frequency of B cells varied from 58 to 94% in the MCL samples and from 12 to 57% in the reactive lymph nodes. The remaining cells were mainly CD3 + T cells (data not shown).
Flow cytometry demonstrated that six out of nine MCL were clonal for the lambda light chain ( Table 1) . Analysis of expression data from the oligonucleotide arrays gave similar results considering lambda light-chain expression in the tumours, demonstrating the validity of the expression data (data not shown).
Differentially expressed genes between MCL and reactive lymphoid tissue
To identify genes involved in mantle cell differentiation or tumour development in MCL, a total of 33 comparisons were made between control and tumour samples. All transcripts overor underexpressed at least three-fold (1.5 average signal log ratio) compared to the controls in at least five of the nine MCLs were considered. The differentially expressed genes are listed in Table 3a and b and categorised based on described functions.
Several of the overexpressed genes in Table 3a are associated with cellular growth regulation. The midkine gene, a secreted growth factor binding to the anaplastic lymphoma kinase (ALK), 17 previously detected in solid tumours and in ReedSternberg cells of Hodgkins lymphoma, 18 was found to be highly expressed in MCL. The expression of RORalpha, a transcription factor that belongs to the family of orphan nuclear receptor tyrosine kinases, was increased in MCL. Response elements for this factor are present in cell cycle regulating genes such as N-myc, 19 suggesting that it is involved in the control of cell proliferation. Furthermore, RORalpha has been shown to negatively regulate inflammatory responses. 20, 21 Furthermore, in MCL, genes involved in G protein-mediated signalling such as cannabinoid receptor 1 (CB1) and G protein gamma-11 subunit was highly expressed.
There was also an increased expression of genes for matrix proteins such as fibulin-2 and collagen alpha 3-type IX and adhesion molecules such as CD24 (the ligand for P-selectin). Among the underexpressed genes in Table 3b were the adhesion molecule L-selectin, IL-7 receptor, RGS13 and several genes encoding T-cell-specific receptor molecules such as CD7, CD3 epsilon and zeta chains. The reduced expression of the T-cellrelated genes reflects the low level of tumour-infiltrating T cells in MCL. T cells can express mRNA for cytolytic proteins granzyme B and granzyme M and the expression of these genes was decreased compared to control lymphoid tissue.
Hierarchical clustering of differentially expressed genes and cases
To represent the gene expression differences between MCLs and reactive lymphoid tissue, a hierarchical clustering of the genes listed in Table 3 and the individual MCL cases and controls was performed. Two major clusters representing differentially expressed genes were identified (Figure 1) . Among the different cases, all controls formed one cluster and control 1, representing tonsil tissue, and control 2, representing tonsil cells, clustered together. Among the MCL cases, the two highly proliferative tumours, MCL C and MCL H clustered next to each other.
High expression of CB1 in MCL
Both types of CB were expressed in MCL. In particular, the socalled central type of CB, CB1, was highly expressed in a majority of MCL (Table 3a) . In order to confirm the microarray data, we therefore performed immunofluorescent stainings on the Rec-1 and Granta 519 MCL cell lines that were both found to express CB1 (Figure 2b) . As positive control cell line, AtT20 stably expressing CB1 15 was used (Figure 2c and d) . In all three cell lines, a strong granular intracellular staining was detected, demonstrating the presence of CB1 at the protein level. The CB1 protein expression was further confirmed by immunoblotting that detected a specific band in Granta 519, while a Cyclin D1-positive plasma cell leukaemia cell line, SK-MM-2, lacked expression of CB1 (Figure 2a ). There were no imprints from the MCL A -J available. However, during the course of this study, two other MCL cases were diagnosed, and imprints from these cases were subjected to immunofluorescent staining for CB1. A similar type of granular intracellular stainings as in MCL cell lines were detected also in the cells from these newly diagnosed MCL cases (Figure 2e) .
In order to confirm the data, we investigated the expression of CB1 and CB2 in six additional MCLs that are part of another study that is to be published separately. These six additional MCLs were analysed by microarray analysis on the HG U133a Affymetrix chip. The probe sets for CB1 and CB2 are not identical between HG U95 Av.2 and U133a chips, but map to very similar areas of the CB1 RNA. Also, all the six additional MCL tumours were strongly positive for CB1 mRNA (Figure 3) . Moreover, the peripheral receptor, CB2, was also highly expressed ( Figure 3) . These results clearly demonstrate that high expression of CB1 is a characteristic feature of MCL.
Low expression of regulator of G protein signalling 13 (RGS13) in MCL RGS13, one of the members of a family of regulators of G protein signalling, was almost absent in a majority of MCL while present in the controls (Table 3b) . Analysis of the expression of RGS13 was further confirmed on the six additional MCL tumours and the result from the total set of 15 tumours is shown in Figure 4 . In contrast, another RGS member, RGS 14, was expressed at similar levels in MCLs and controls (Figure 4) .
The low expression of RGS13 in MCL was confirmed by RT-PCR. RGS13 was expressed in control sample from tonsil cells but not in MCL (Figure 5a) . Furthermore, strong expression of RGS13 was seen in the mature B-cell line Ramos but not in the Nalm 6 pre-B cells (Figure 5b) .
To further analyse the low RGS13 expression, we performed direct sequencing of the entire RGS13 gene in six different MCL tumours. We did not detect any mutation in the coding region or the corresponding splice sites. A couple of silent polymorphisms were found in exon 1, intron 1, exons 2 and 6 (Table 4) .
Differential expression of CCND1 in MCL
As expected, CCND1 was overexpressed in all MCL (Table 3a) . The Affymetrix U95Av.2 chip contains three different probe sets CB1, RGS13 and Cyclin D1 in MCL TC Islam et al for CCND1 (38418_at ¼ 'PRAD1', 2020_at ¼ 'BCL 1' and 2017_s_at ¼ 'Cyclin D1').Two of the probe sets ('PRAD1' and 'BCL 1') were partially overlapping at the very 3 0 end of the gene, while the third probe set ('Cyclin D1') recognised a more central part of the mRNA approximately 75 bases 3 0 of exon 5 ( Figure 6a) . Interestingly, among the nine MCLs investigated, there were two different patterns of hybridisation to these three probe sets (Figure 6b ). Seven MCLs had high expression levels of the two overlapping probe sets that are specific for the very 3 0 end ('PRAD1' and 'BCL 1'), while the two MCLs with a higher proliferative rate (90% of the cells positive for Mib 1), MCL C and MCL H, (Table 1) both had a much lower signal with these two probe sets but a higher expression level of the third probe set, 'Cyclin D1' (Figure 6b) . Using immunohistochemistry, all MCL were positive for Cyclin D1 protein and exhibited a characteristic nuclear staining (data not shown).
Discussion
In this study, overexpression of Cyclin D1 protein and a characteristic morphology and phenotype were used as criteria for the inclusion of lymphomas of MCL type. Although Cyclin D1 overexpression may be a necessary event in MCL tumour development, other genetic changes are probably needed.
Here we report two novel characteristics associated with MCL; the absence of RGS13 expression and high CB1 expression. The expression of RGS13 has, to our knowledge, Figure 2 Immunoblot and immunofluorescence stainings for CB1. Immunoblot for CB1 (a) shows high protein expression in the Granta 519 MCL cell line compared to no expression in the SK-MM-2 plasma cell leukaemia cell line. Whole-cell lysates of Granta 519 and SK-MM-2 was prepared, resolved by SDS-PAGE and immunoblotted with anti-CB1 antibody as described in Materials and methods. The MCL cell line Granta 519 (b) and the CB1-transfected AtT20 cell line stably expressing CB1 receptors (c) were stained for CB1 as described in Materials and methods. A strong specific staining (red) is detected in both cell lines as compared to cells stained with an irrelevant control antibody (d). Nuclei are stained blue by DAPI. Imprints from a primary MCL was stained for CB1 (e) resulting in a specific granular staining (green). Our results suggest that genes coupled to G protein signalling pathways may be dysregulated in MCL. In contrast to our findings in MCL, CB2 and not CB1 has been reported to be preferentially expressed in lymphoid tissue. CB1 was originally described as predominantly expressed in the brain and to a lower extent in human bone marrow, thymus and tonsils. 22 The expression level of CB2 mRNA has been reported to be 10-100-fold higher than that of CB1 22 25 reported that CB1 mRNA was upregulated in mouse splenocytes in response to CD40 ligation. These reports suggest that CB receptors have biologically important roles during B-cell differentiation and activation and together with our findings of an upregulation of CB1 receptor in MCL indicates that modulation of CB1 might be a candidate for tumour therapy.
CB receptors are coupled to heterotrimeric G proteins, Gabg subunits (reviewed in Howlett et al 24 ) . Signalling is activated by Ga binding of GTP and the release of Gbg. The heterotrimeric G proteins are in turn regulated by regulator of G protein signalling (RGS) proteins, a family of approximately 25 proteins that share a conserved domain (RGS domain) that bind directly to activated Ga subunits (reviewed in Hollinger et al 26 ) . Initially, the RGS proteins were found to attenuate G protein-mediated signalling by acting as GTPase-activating proteins (GAPs) for Ga Confirmation of downregulation of RGS13 by using RT-PCR. RGS13 was amplified in the control sample 2 from tonsil cells and MCL samples (a). Furthermore, the expression of RGS13 was present in a B-cell line, Ramos, but absent in a pre-B-cell line, Nalm 6 (b). Probe set "Cyclin D1" Cyclin Probe sets "PRAD" 28 that affects signalling through Gi/o, was recently described as highly expressed in murine germinal centres, 29 but absent from the marginal zones. Furthermore, CD40 ligation was found to upregulate RGS13 expression in human tonsil B lymphocytes. Moreover, RGS13 was found to reduce signalling through the MAP kinase induced by chemokine receptors CXCR4 and CXCR5, suggesting a role in response to chemoattractants in the germinal centre. 29 Our microarray findings of reduced RGS13 expression in 9/9 MCLs while RGS14 was unchanged, was confirmed by RT-PCR and by microarray analysis of six additional MCLs. Moreover, we found by RT-PCR that the mature B-cell line Ramos expressed RGS13 while the pre-B-cell line Nalm 6 lacked expression. These results are thus in accordance with those by Shi et al, 29 suggesting that RGS13 expression is regulated during B-cell differentiation, being absent in pre-B cells and virgin B cells. Furthermore, RGS13 has been reported to be absent also in T lymphocytes. 29 RGS13 expression is also relatively low in B-CLL (M Merup and co-workers, personal communication, April 2003). To further analyse the low RGS13 expression in MCL, the entire gene was sequenced in six MCLs. Apart from a few polymorphisms in exon 1, intron 1, exons 2 and 6, the sequence was identical to NT 004671 (Table 4) . These results suggest that the low expression of RGS13 is a result of regulatory events reflecting the differentiation stage of the cells from which MCL originates. However, it is possible that the lack of RGS13 in cells of this developmental stage make them particularly susceptible to activation through CB receptors.
We found two different patterns of CCND1 expression using the three probe sets for this gene on the Affymetrix U95Av.2 chip, two of which targeted the very 3 0 end of the CCND1 transcript, while the third probe set (Cyclin D1, 2017_s_at) lies at a much more 5 0 region. There is also a possible second polyadenylation site just 3 0 to the region where this probe set maps. This is interesting in as much as the two MCLs that had a high signal from this more 5 0 probe set (MCL C and MCL H) had lower signals from the other two probe sets. A possible explanation for the findings could therefore be that there is an alternative splicing or truncation of the transcripts in MCL C and MCL H and that the binding pattern of these three CCND1 probe sets could reflect the presence of shorter Cyclin D1 mRNA lacking the 3 0 AU-rich region that contains sequences involved in mRNA stability.
14 Moreover, these MCLs were the most highly proliferative and had blastoid morphology, suggesting that the presence of a shorter CCND1 transcript might influence the cell cycle control (Sander B. et al. Blood 2002; 100: ASH abstract 4676). Following the submission of this manuscript, Rosenwald et al 12 reported very similar findings. In their large series of MCLs, a subset of lymphomas had a truncated Cyclin D1 transcript lacking the 3 0 end. These tumours had a higher proliferative rate and also expressed 20 genes that constituted a 'proliferation signature' associated with significantly shorter survival, 12 further emphasising the clinical importance of perturbations of cell cycle regulation in MCL. Of the 20 genes in this 'proliferation signature', 13 are represented on the HG95Av.2 chip. When the expression level of these genes were investigated in our material, we found the highest 'proliferation signature average' in MCL C and MCL H, thus confirming the interesting results published by Rosenwald et al.
Our key finding in MCL of high CB1 expression and the absence of RGS13 expression is interesting, since these two molecules potentially could participate in a common signalling pathway. The absence of RGS13 expression may reflect the expected expression of 'normal' mantle cells that in the context of upregulated CB1 may provide necessary additional signals of importance to malignant phenotype. We can, however, not at present discriminate between the two possible explanations for these findings, namely that the expression pattern reflects the differentiation status in the cell type that give rise to MCL rather than tumour-specific events. Clearly, further experiments are needed in order to clarify the precise role of signalling through cannabinoid receptors in MCL and if these signalling pathways possibly can constitute new targets for antitumour therapy.
